Various alarm systems use. devices such as bells, hooters and klaxons to alert personnel to fire or other hazards.
In order to ensure their satisfactory performance should an emergency arise they must be tested regularly.
In any institution in which animals are used such loud noises, occurring at infrequent and irregular intervals, can have disturbing and stressful effects on the animals (Pfaff, 1974) .
Electric fire bells have been shown to have adverse effects on the reproductive processes of both rats and rabbits (Zondek, 1959; Zondek & Tamari, 1958 , 1960 , 1964a , 1964b . Such occasional sharp, loud noises, can also act as a stimulus for audiogenic seizures or may act as a 'primer' for such a seizure on some future occasion (Henry, 1967; Iturrian & Fink, 1968; Lane-Petter, .1963) . A single 30 s fire bell test in an animal house can result in changes in maternal behaviour and a depression in lactation in some species (D'Sousa & Martin, 1974) . Other examples of physiological responses to noise include histological changes in the median lobe of the rat pituitary (Werner, 1959) , hyperplasia of adrenals and a reduction in the lymphatic tissue of the thymus gland of the guinea-pig (Anthony & Harclerode, 1959) , an alteration of the circulating eosinophil level in mice (Anthony, 1955) and even a reduction in total bodyweight of some primates (Sackler, Weltman, Bradshaw & Jurtshuk, 1959) . The results of other studies indicate that auditory stimuli can induce regressive changes in various species resembling those produced by other stressful stimuli (Pfaff, 1974; Warfield, 1973; Zondek & Tamari, 1967) .
It is now known that there is considerable interspecific variation in sensitivity to different sound frequencies (~arfield, 1973) . Fig. 1 indicates diagrammatically the reported frequency ranges to which the species shown are known to respond, together with an indication of those frequencies to which each species is most sensitive.
From this it can be seen, for example, that mice are insensitive to sounds below 1 k Hz (the frequency of the Greenwich meantime 'pips' on the radio).
In the case of rats, Crowley, Hepp-Reymond, Tabowitz & Palin (1965) have recorded cochlear microphonic potentials from both adults and infants to signals as low as 100 Hz; they also found, however, that the threshold increased rapidly below -1 kHz and that the rats' most sensitive frequency range is from 35-40 kHz. Bearing these facts in mind it was decided to construct a device which produced a loud, low frequency noise suitable for use as an alarm signal for human beings whilst at the same time being below the frequency threshold (or at least outside the most sensitive frequency range) of those species commonly used as laboratory animals, in particular the rat and mouse.
MATERIALS AND METHODS
The device developed produces pure tones alternating between 430 and 470 Hz, and operates from a continuous or pulsating d.c. supply of nominally )4V.
To ensure operation at the end of long supply lines, it is designed to operate down to 5V. The alarm has an output of 3W with a 24W supply and the supply current is 250 mAo Details of the electronic circuitry and construction are available (Fasham & Clough, 1975) . In order to assess the effect of the alarm on animals, 2 behavioural tests have been used: arousal from sleep; assessment of startle response-an abrupt reflexive movement of the entire body in response to a sudden, intense sound (Landis & Hunt, 1939 )-and other visual indications of auditory disturbance.
RESULTS
When the alarm is switched on in an animal room-giving a sound level of 97 dBC at 450 mm-rats and mice are not awakened from sleep and, if already awake, show no startle response, ear twitching or other indication of auditory disturbance.
Rabbits and guinea-pigs show little more than 'mild disturbance' at this intensity and no visually appreciable response at all when the alarm is sounded in the corridor of the animal house-the site of an existing fire bell. As far as humans are concerned, however, the noise produced by the device is intensely irritating and disturbing and the Fire Officer and other persons interested in safety on the Carshalton site have agreed that the noise is very suitable as an alarm signal. The intensity of the sound produced was selected so that each existing fire bell could be replaced by one of the new alarms.
DISCUSSION
The numerous effects of noise on animals are well documented, and range from audiogenic seizures, to teratogenic effects, trauma and irreversible deafness (for discussion see Pfaff, 1974; Warfield, 1973) . The increasing use of audible warning devices, together with the need for their regular testing, creates a source of disturbance to animal facilities-that is, loud noises at irregular intervals, usually interspersed with relatively long periods of comparative quietness. Pfaff (1974) has outlined some of the problems of noise in the animal house, and the device described here was produced with the specific intent of reducing one source of stress to at least some species of laboratory animal.
At Carshalton, it is intended to replace all fire bells in animal areas with the 'silent' fire alarm.
